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Description 

Background of the Invention 

[0001] Traditional fabrics have, for centuries, been 
decorated and had their surface texture modified by em- 
broidery and other needle arts. Originally, this process 
was obtained through tedious hand labor, painstakingly 
applying fine stitches that had the cumulative effect of 
building up a region of the background fabric according 
to some particular pattern. The resulting product had a 
base fabric, comprised of threads or yarns, woven or 
knitted according to some pattern, a raised region 
formed by a collection of threads in some stitch pattern, 
and an overall pattern of these raised regions deter- 
mined by their respective size, shape, orientation and 
placement. While rich In appearance, these products 
were complicated to create and costly to produce. 
[0002] Most nonwoven fabrics are flat and visually un- 
interesting. In some Instances, nonwoven fabrics are 
embossed or printed with some sort of design to provide 
visual interest, in other Instances, nonwoven fabrics are 
provided with an integral pattern during the course of 
their manufacture. Those having an integral pattern of 
their own fall Into two categories: 

1} Apertured fabrics - where a pattern is created by 
a network of bundled fiber segments surrounding 
apertures or holes; or 

2) Weight patterned fabrics - fabrics that achieve a 
visual effect by concentrating fibers into regions of 
higher basis weight to increase opacity relative to 
the lower basis weight regions which are more 
translucent. 

[0003] It is important to differentiate between basis 
weight and density. "Basis weight" Is the weight of a unit 
area of fibrous web or fabric or portion thereof being 
characterized. Basis weight has also been called "area 
density" in some prior art patents. The tenn "density" Is 
the weight of a unit volume of a fibrous web or fabric or 
portion thereof being characterized. "Density" has also 
been called "volume density" in some prior art patents. 
Typical embossing processes create regions of higher 
density without altering the basis weight. Traditional 
nonwoven patterning processes produce regions of var- 
ying basis weight, while maintaining substantially uni- 
form density. 

[0004] The prior art nonwoven fabrics made with 
these known patteming processes do not have clear, 
well defined raised portions and therefore the desired 
patterns are difficult to see. in addition, the raised por- 
tions of prior art embossed nonwoven fabrics are not 
dimensionally stable and their raised portions lose their 
three-dimensional structure when stressed, as for ex- 
ample, when they are handled or laundered. 
[0005] Processes for making nonwoven fabrics have 



been known for many years. In one process, aflberbatt 
or web is treated with water streams to cause the fiber 
to entangle with each other and provide some strength 
in the batt. I\^any methods have been developed for 
5 treating fiber batts in this manner in an attempt to dupli- 
cate the physical properties and appearance of woven 
fabrics. 

[0006] U.S. Patents 5,098,764 and 5,244,711 dis- 
close the use of a support member in one such method 
of producing nonwoven fabrics. The support members 
have a topographical feature configuration as well as an 
array of apertures, in this process, a starting web of fiber 
is positioned on the topographical support member. The 
support member with the fibrous web thereon is passed 
under jets of high pressure flu id, typically water The jets 
of water cause the fiber to intertwine and interentangle 
with each other In a particular pattern, based on the top- 
ographical configuration of the support member. 
[0007] The pattern of topographical features and ap- 
ertures in the support member is critical to the structure 
of the resulting nonwoven fabric. In addition, the support 
member must have sufficient structural Integrity and 
strength to support a fibrous web while fluid jets rear- 
range the fibers and entangle them in their new arrange- 
ment to provide a stable fabric. The support member 
must not under go any substantial distortion under the 
force of the fluid jets. Also, the support member must 
have means for removing the relatively large volumes 
of entangling fluid so as to prevent "flooding" of the fi- 
brous web, which would interfere with effective entan- 
gling. Typically, the support member includes drainage 
apertures which must be of a sufficiently small size to 
maintain the integrity of the fibrous web and prevent the 
loss of fiber through the forming surface, in addition, the 
support member should be substantially free of burrs, 
hooks or the like irregularities that could interfere with 
the removal therefrom of the entangled fabric. At the 
same time, the support member must be such that fibers 
of the fibrous web being processed thereon are not 
washed away under the influence of the fluid jets. 
[0008] EP 0 127 192 A1 discloses an apparatus for 
producing perforated plastic films using a screen com- 
posed of a cylindrical base pattern screen, air flow re- 
strictor sheet material and an overiayed pattern screen. 
[0009] It is the object of the present invention to pro- 
vide a method for forming a topographical support mem- 
ber as well as a topographical support member for pro- 
ducing nonwoven fabrics having at least one raised por- 
tion overcomi ng the drawbacks of the prior art, especial- 
ly ensuring that the at least one raised portion Is clear, 
well defined and dimensionaily^tabie. 
[0010] This object is achieved by a method according 
to claim 1 and a topographical support member of claim 
14, respectively. 

[0011] Sub-claims 2 to 1 3 describe preferred embod- 
iments of the method according to the Invention; sub- 
claims 15 to 26 describe preferred embodiments of the 
topographical support member of the invention; sub- 
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claim 27 describes a method for producing a nonwoven 
fabric using the metiiod according to the invention; and 
sub-ciaim 28 describes an apparatus for producing a 
nonwoven fabric comprising a topograph icai support 
member according to the invention. 
[001 2] The present invention is directed to topograph- 
ical support members and methods of mal<ing them. 
These topographical support members can be used to 
mal<e nonwoven fabrics having a fibrous bacl<ground 
portion in one plane thereof and raised fibrous portions 
in another plane thereof. There may be two types of 
raised portions. The basis weight of the first type of 
raised portion is substantially the same as the basis 
weight of the bacl<ground portion of the nonwoven fab- 
ric. The basis weight of the second type of raised portion 
is greater than the basis weight of the baci<ground por- 
tion. 

[0013] On type of nonwoven fabric which can be 
made with support members of the present invention 
comprises a bacicground portion and at least one raised 
portion. The bacl<ground portion is located in and de- 
fines a first plane of the nonwoven fabric. The raised 
portion of the nonwoven fabric is located in a second 
plane which is above and parallel to the first plane. The 
raised portion is Joined to the bacicground portion by a 
fibrous transition region, in this specific nonwoven fab- 
ric, the basis weight of the raised portion is substantially 
the same as the basis weight of the bacicground portion. 
The density of the bacicground portion and the density 
of the raised portion are substantially the same. A raised 
portion whose basis weight is substantially the same as 
the basis weight of the bacicground portion is sometimes 
referred to as an "intaglio" portion. 
[001 4] Another type of nonwoven fabric wh ich can be 
made with support members of the present invention al- 
so comprises a bacicground portion and at least one 
raised portion. As was the case with the first nonwoven 
fabric, the bacicground portion is located in and defines 
a first plane of the nonwoven fabric and the raised por- 
tion is located in a second plane which is above and par- 
allel to the first plane. As was the case with the first non- 
woven fabric, the raised portion is joined to the bacic- 
ground portion by a fibrous transition region. In the case 
of the second type of nonwoven fabric however, the ba- 
sis weight of the raised portion is greater than the basis 
weight of the background portion. The density of the 
raised portion of this second nonwoven fabric is sub- 
stantially the same as the density of the background por- 
tion. A raised portion whose basis weight is greater than 
the basis weight of the background portion is sometimes 
referred to as a "slub" portion. 
[0015] Yet another type of nonwoven fabric which can 
be made with support members of the present invention, 
comprises a background portion, at least one first raised 
portion, and at least one second raised portion. As was 
the case with the first and second nonwovens discussed 
above, the background portion is located in and defines 
a first plane of the nonwoven fabric. The first raised por- 



tion is located In a plane which is above and parallel to 
the first plane. Similariy the second raised portion is lo- 
cated in a plane which is above and parallel to the first 
plane. Each of the first and second raised portions is 
5 joined to the background portion by a fibrous transition 
region, in this third nonwoven fabric, the basis weight of 
the first raised portion is substantially the same as the 
basis weight of the background portion, while the basis 
weight of the second raised portion is greater than the 
basis weight of the background portion. In other words, 
in this third type of nonwoven fabric, the nonwoven fab- 
ric has one or more first raised portions which are some- 
times referred to as "intaglio" portions and one or more 
second raised portions which are sometimes referred to 
as "slub" portions, it is not necessary that the first raised 
portion and the second raised portion be in the same 
plane; rather the first raised portion may be in a plane 
which is above the plane of the background portion and 
the second raised portion may be in a plane which is 
above the plane of the first raised portion. 
[001 6] in the process of fomning nonwoven fabrics us- 
ing the topographical support members of the present 
invention, a web or layer of fibers or a lightly entangled 
fibrous web is placed on a foraminous forming plate or 
topographical support member comprising an essential- 
ly planar background surtace with at least one relatively 
wide recessed region significantly displaced from the 
background surtace of the forming plate. Typically, the 
support member comprises a multiplicity of recessed re- 
gions, positioned as depressions in some predeter- 
mined array, that will form a desired pattern of raised 
portions on the nonwoven fabric. Fluid forces, in the 
fomn of streams of water, are applied to the upper sur- 
face of the starting fibrous web or layer of fibers. Initially, 
these fluid forces "moid" the starting web to the three 
dimensional support member; as the process of apply- 
ing fluid forces continues, the fibers are entangled and 
locked together so as to provide a nonwoven fabric com- 
prising a background portion and one or more raised 
portions which are permanently positioned with respect 
to one another. 

[0017] in an alternative embodiment, the topographi- 
cal support member has a relatively narrow recessed 
region displaced from the planar background surface of 
the fonning plate. 

[001 S] The present invention is directed to a topo- 
graphical support member and a method for forming a 
topographical support memberfor producing nonwoven 
fabrics having raised portions. The support members of 
the present invention comprise a body portion having a 
top surface including a first micro-sized topographical 
pattern and a plurality of apertures through its thickness. 
The body portion further comprises at least one macro- 
sized region disposed below said top surtace. The mi- 
cro-sized pattern produces the background portion of 
the nonwoven fabric. The macro^ized region produces 
raised portions of the fabric conforming to the shape and 
depth of the macro-sized region. The macro-sized re- 
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cessed region preferably has the same topographical 
pattern as the top surface of the support member, how- 
ever, the regions may have a different pattern or no pat- 
tern. In addition, the macro-sized region may include a 
major surface recessed a first depth below the top sur- 
face and one or more mi nor surfaces recessed at depths 
different from the first depth. For example, one minor 
surface surrounding the major surface may be provided 
that is recessed at a depth below the first depth and has 
a diameter or a cross -sectional width substantially less 
than the width of the major surface. 
[0019] The topographical pattern comprising the top 
surface of the support member is preferably produced 
by a laser drilling process. The laser drilling process pro- 
duces a plurality of peaks, valleys and apertures in the 
top surface of the support members. The macro-sized 
regions, formed by a laser ablation process, have a 
cross-sectional width larger than the repeat spacing of 
the repeating pattern. 

Brief Description of the Drawings 

[0020] 

Figure 1 A is a top plan view of one nonwoven fabric 
which can be made using a support member of the 
present invention; 

Figure 1 B is another nonwoven fabric which can be 
made using a support member of the present inven- 
tion; 

Figure 1C is a top plan view of a third nonwoven 
fabric which can be made using a support member 
of the present Invention; 



second type of raised portion in a nonwoven fabric 
made with a support member of the present inven- 
tion. 

5 Figure 7 is a photomicrograph of a cross^ectional 
view tal<en along Line 7-7 of Figure 6. 

Figure 6 is an idealized sl^etch of the cross-section- 
al view shown in Figure 7. 

10 

Figure 9 is a block diagram of the steps of the proc^ 
ess for making nonwoven fabrics using support 
members of the present invention. 

*5 Figures 10, 11 and 12 are diagrammatic views of 
three types of apparatus for producing nonwoven 
fabrics using support members of the present in- 
vention. 

^ Figure 1 3 is a perspective view, with parts in cross- 
section, of that portion of a topographical support 
member used to produce one background portion 
of a nonwoven fabric. 

FIgu re 1 4A is a sketch in cross-section showing one 
type of recessed region in a topographical support 
member of the present invention. 

Figure 14B is a sketch in cross-section showing a 
30 different type of recessed region in a topographical 
support member of the present invention. 

Figure 15 is a sketch, in cross-section, of a nonwo- 
ven fabric made using the support member of Fig- 
55 ure14B. 



Figure 2 is a photomicrograph, in plan view, of a por- 
tion of a nonwoven fabric made using a support 
member of the present invention. 

40 

Figure 2A is a perspective view of the cross-sec- 
tional view taken along line 2A-2A of Figure 2. 

Figure 2B is a perspective view of the cross-sec- 
tional view taken along line 2B-2B of Figure 2. 45 

Figure 3 is a photomicrograph of a cross-sectional 
view taken along Line 2A-2A of Figure 2. 

Figure 4 is a photomicrograph of a cross-sectional so 
view taken along Line 4-4 of Figure 2. 

Figures is across-sectional view, greatly enlarged, 
of one type of raised portion in a nonwoven fabric 
made with a support member of the present inven- S5 
tion. 

Figure 6 is a photomicrograph, in plan view, of a 



Figure 16 is a diagrammatic view of an apparatus 
for forming topographical support members of the 
present invention. 

Figure 1 7A is a bit map of the pattern used to create 
the support member used to produce the nonwoven 
fabriclOC of Figure 1C. 

Figure 1 7B is a bitmap, greatly enlarged, of the rec^ 
tanguiar region 301 of Figure 17A. 

Detailed Description of the invention 

[0021] Referring now to the drawings, Figure 1 A is a 
top plan view of one nonwoven fabric which can be 
made using a support member of the present invention. 
Nonwoven fabric 1 0A includes a background portion 1 2 
and at least one integrally formed raised portion 16. 
Three such raised portions, illustrated as the letters "J", 
"S" and "K", are shown In Figure 1 A. Nonwoven fabric 
1 0 comprises a plurality of generally staple length fibers 
which may be, for example, cotton, rayon or polyester, 



4 



7 



EP0 705 933 B1 



8 



or blends thereof. Background portion 12 is iocated in 
and defines a first piane of nonwoven fabric 1 0A. Raised 
portions 16 are iocated in a piane whiicii is above and 
parailei to tlie first piane. Raised portions 16 are Joined 
to the baclcground portion 12 by a fibrous transition re- 
gion which wiil be described in greater detaii hereinafter, 
in nonwoven fabric 1 0A of Figure 1 A, the basis weight 
of the raised portions 1 6 is the same as the basis weight 
of the baci<ground portion 12. The density of raised por- 
tions 1 6 is substantiaiiy identical to the density of baclc- 
ground portion 12. 

[0022] Referring now to Figure 1 B, there is Illustrated 
another type of nonwoven fabric which can be made us- 
ing a support member of the present invention. Nonwo- 
ven fabric 1 0B is also made of a pi uraiity of staple length 
fibers and has a background portion 1 2 and an integrally 
formed raised portion 1 8 which, in top plan view, is gen- 
erally rectangular in shape. As was the case with non- 
woven fabric 10A, background portion 12 of nonwoven 
fabric 10B is located in and defines a first plane of non- 
woven fabric 1 0B. As was also the case with nonwoven 
fabric 1 0A, raised portion 1 8 in nonwoven fabric 1 0B is 
joined to its background portion 1 2 by a fibrous transition 
region which, as mentioned above, wiil be described 
hereinafter. The basis weight of raised portion 1 8 in non- 
woven fabric 1 0B is greater than the basis weight of 
background portion 12 to which it is joined. Thus it will 
be appreciated that whereas raised portions 16 com- 
prising nonwoven fabric 10A have the same basis 
weight as its background portion 12, the basis weight of 
the raised portion 1 8 of nonwoven fabric 1 0B has a basis 
weight which is different from the basis weight of its 
background portion 12. 

[0023] Yet another nonwoven fabric which can be 
made using a support member of the present invention 
is shown in top plan view in Figure 1C of the drawings. 
Nonwoven fabric 1 0C is made from a plurality of staple 
length fibers as was the case with nonwoven fabrics 1 0A 
and 1 0B. Nonwoven fabric 1 0C has a background por- 
tion 12 which is iocated in and defines a first piane of 
the nonwoven fabric and, in this respect, is the same as 
the earlier mentioned nonwoven fabrics. Nonwoven fab- 
ric 1 0C comprises first raised-portions 16 shown as the 
letters "J", "S", and "K" in Figure 1C. Nonwoven fabric 
1 0C further comprises a raised portion 1 8, enclosing the 
three letters "J", "S" and "K". The raised portions 16 of 
nonwoven fabric 1 0C correspond to raised portions 1 6 
of nonwoven fabric 1 0A. The raised portion 1 8 of non- 
woven fabric 1 0C corresponds to raised portions 1 8 of 
nonwoven fabric 10B. It will be understood that raised 
portions 1 6 of nonwoven fabric 1 0C have a basis weight 
which is substantiaiiy identical to the basis weight of 
background portion 12 of the fabric. On the other hand, 
raised portion 18 comprising nonwoven fabric IOC has 
a basis weight which is greater than the basis weight of 
Its background portion 12. In nonwoven fabric IOC, the 
background portion 12, the first raised portions 16, and 
the second raised portion 16, have substantiaiiy identi- 



cal densities. 

[0024] Background portions 12 of nonwoven fabrics 
1 0A, 1 0B and IOC are the same in each instance. This 
background portion 12 has a tricot-like pattern and ap- 

5 pearance but it will be understood that the background 
portion may have different patterns and appearances, 
in the specific case of nonwoven fabric 10A, raised por- 
tions 16 and background portion 12 have the same tri- 
cot-like pattem and appearance. Similarly, the raised 

10 portion 1 8 of nonwoven fabric 1 0B has the same tricot- 
like appearance as background portion 12. Finally, 
background portion 12, first raised portions 1 6, and sec- 
ond raised portion 16 comprising nonwoven fabric 10C 
all have the same tricot-like pattem and appearance, it 
should be understood, however, that first raised portions 
1 6, second raised portion 1 8 and background portion 12 
of nonwoven fabric 1 0C may have differing patterns and 
appearances. 

[0025] Figure 2 is a photomicrograph at 15X magnifi- 
^ cation and in top plan view of a portion of a nonwoven 
fabric 10D which is similar to nonwoven fabric 10A of 
Figure 1 A. Nonwoven fabric 1 0D comprises a tricot-like 
background portion 12 and a raised portion 16 which 
also has a tricot-like pattem. it wiil be understood that 
only a portion of raised fibrous portion 1 6 is seen In Fig- 
ure 2. Raised portion 16 is joined to background portion 
12 by fibrous transition regions 22 and 24. As can be 
seen by reference to Figure 2, fibrous transition region 
22 runs in the horizontal direction on one side of raised 
30 portion 1 6, said horizontal direction being the cross-ma- 
chine direction of nonwoven fabric 10D. Fibrous transi- 
tion region 24 runs in the longitudinal direction on an- 
other side of raised portion 1 6, said longitudinal direction 
being the machine direction of nonwoven fabric 1 0D. Fi- 
3s brous transition region 22 meets fibrous transition re- 
gion 24 at an angle of about 90** at a comer 23 of raised 
portion 16. The fibrous structures of transition regions 
22 and 24 are substantially the same. As mentioned ear- 
lier herein, the basis weight of raised portion 16 is sub- 
stantiaiiy the same as the basis weight of background 
portion 12. 

[0026] Figure 2A is a sketch showing nonwoven fabric 
10D, a photomicrograph of the top surface of which is 
shown in Figure 2. Figure 2A, which is presented in or- 

45 derto assist in the understanding of the fibrous structure 
of nonwoven fabric 10D, is a perspective view of the 
cross-section taken along line 2A-2Aof Figure 2. Refer- 
ring to Figure 2A, nonwoven fabric 10D has a fibrous 
background portion 12 and a fibrous raised portion 16, 

so each of which is formed in a tricot-like pattem. Raised 
portion 1 6 is joined to background portion 1 2 by a fibrous 
transition region 24 which extends in the machine direc- 
tion of fabric 1 0D. Fibrous transition region 24 compris- 
es a fiber-poor region 30 and a fiber-rich region 32. Fib- 

S5 er-poor region 30 comprises a plurality of bundles 30a 
of fiber segments and these bundles 30a define a plu- 
rality of apertures 30b in transition region 24. The fiber 
segments comprising bundles 30a are highly paral- 
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lelized and some of these fiber segments are in a twisted 
configuration wrtiiin the bundie. A majority of the bun- 
dies 30a are twisted and turned upon themseives. 
[0027] Fiber-rich region 32 comprises a piurailty of fib- 
er segments which extend predominantiy in the verticai 
direction of Figure 2 which corresponds to the machine 
direction of nonwoven fabric 1 0D. The ends of these fib- 
er segments can be seen in Figure 2A where they are 
identified by numeral 26. The basis weight of fiber-poor 
region 30 is iessthan the basis weight of fiber-rich region 
32 and is also less than the basis weight of both baclc- 
ground portion 12 and raised portion 16. The basis 
weight of fiber-rich region 32 is greater than the basis 
weight of both bacicground portion 12 and raised portion 
1 6. Bundles 30a in the fiber-poor region 30 are oriented 
generally transversely of fibrous transition region 24. 
The fiber segments comprising the fiber-rich region 32 
are oriented generally longitudinally of transition region 
24. 

[0028] Figure 2B is another sketch showing nonwo- 
ven fabric 10D. Figure 2B is a perspective view of the 
cross-section talcen along line 4-4 of Figure 2. Referring 
to Figure 2B, raised portion 16 is joined to baci<ground 
portion 12 by a fibrous transition region 22 which ex- 
tends in the cross machine direction of fabric 10D. Tran- 
sition region 22 comprises a fiber-poor region 27 and a 
fiber-rich region 28 analogous, respectively, to fiber- 
poor region 30 and fiber-rich region 32 _ of fibrous tran- 
sition region 24 discussed above. Fiber-poor region 27 
comprises a piurailty of bundles 27a of fiber segments 
and these bundles 27a define a plurality of apertures 
27b in transition region 22. The fiber segments compris- 
ing bundles 27a are very highly parallelized and some 
of these fiber segments are In a twisted configuration 
within the bundie. A minority of the bundles 27a are 
twisted and turned upon themseives. This is in contrast 
to the stmcture of fiber-poor region 30 of transition re- 
gion 24 previously discussed in which a majority of bun- 
dies 30a are twisted and turned upon themselves. Fiber- 
rich region 28 comprises a plurality of fiber segments 
which extend predominantiy in the horizontal direction 
of Figure 2 which corresponds to the cross-machine di- 
rection of nonwoven fabric 1 0D. The ends of these fiber 
segments can be seen in Figure 2A where they are iden- 
tified by numeral 29. The basis weight of fiber-poor re- 
gion 27 is less than the basis weight of fiber-rich region 
28 and is also less than the basis weight of both baclc- 
ground portion 12 and raised portion 16. The basis 
weight of fiber-rich region 28 is greater than the basis 
weight of both background portion 12 and raised portion 
1 6. Bundles 27a In the fiber-poor region 27 are oriented 
generally transversely of fibrous transition region 22. 
The fiber segments comprising the fiber-rich region 28 
are oriented generally longitudinally of transition region 
22. 

[0029] Figure 3 is a photomicrograph of nonwoven 
fabric 1 0D taken along line 2A-2A of Figure 2. Figure 3 
shows raised portion 16 joined to background portion 



1 2 by transition region 24. The fiber-rich region 32 is 
seen adjacent fiber-poor region 30. The large number 
of fiber ends 26 in fiber-rich region 32 demonstrates the 
high level of parallelism of the fiber segments in theflb- 
5 er-rich region. 

[0030] Figure 4 is a photomicrograph of fibrous tran- 
sition region 22 of nonwoven fabric 1 0D taken along line 
4-4 of Figure 2. Numeral 28 indicates the fiber-rich re- 
gion of transition region 22, while numeral 27 indicates 
the fiber-poor region, it can be seen that the fiber seg- 
ments in fiber-poor region 27 are highly parallelized, in 
general, there Is less parallelism of fibers in fiber-rich 
region 26 than there is In the corresponding region 32 
shown in Figure 3. 

[0031 ] Figure 5 is an artistic representation of a cross- 
sectional view showing raised portion 1 6 joined to back- 
ground portion 12 by transition region 24. Transition re- 
gion 24 comprises a fiber-poor region 30 and a fiber-rich 
region 32. As mentioned eariier, fiber-rich region 32 has 
a higher basis weight than fiber-poor region 30. The ba- 
sis weight of raised portion 16 lying between fiber-rich 
regions 32 In Figure 5 is substantially uniform and Is sub- 
stantially equal to the basis weight of background por- 
tion 12. 

[0032] Figure 6 is a photomicrograph enlargement in 
plan view of a nonwoven fabric similar to nonwoven fab- 
ric 1 0B of Figure 1 B. The background portion 12, on ei- 
ther side of the raised port:ion 18 has a tricot-iike micro- 
sized pattern, in this embodiment, the tricot-iike pattern 
Is also present on the top surface of raised portion 1 8. 
The fibers comprising raised portion IS are in bundles 
that are twisted and turned upon each other and are sub- 
stantially parallel to each other in the longitudinal direc- 
tion of the raised portion. 

[0033] As indicated eariler herein, the basis weight of 
raised portion 1 8 is greater than the basis weight of 
background portion 12. The density of raised portion 16 
Is substantially equal to the density of background por- 
tion 12. Raised portion 18 is connected to background 
portion 12 by a fibrous transition region 34 which has a 
lower basis weight than the basis weight of background 
portion 12. 

[0034] Figure 7 is a photomicrograph of the nonwoven 
fabric of Figure 6 taken along line 7-7 of Figure 6. The 
large number of fiber ends 36 seen in raised portion 18 
demonstrates that the fiber segments in the raised por- 
tion 18 extend In the longitudinal direction of the raised 
portion. 

[0035] Figure 6 is an artistic representation of a cross- 
sectional view showing raised portion 1 8 joined to back- 
ground portion 12 by transition region 34. It will be seen 
that the bottom surface 18a of raised portion 18 is es- 
sentially co-pianar with the bottom surface 1 2a of back- 
ground portion 12. The uppemnost surface 1 8b of raised 
portion 1 8 extends above the upper surface 1 2b of back- 
ground portion 12. 

[0036] Figure 9 is a block diagram showing the vari- 
ous steps in the process of producing nonwoven fabrics 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP0 705 933 B1 



12 



using a support member of the present invention. The 
first step in this process is to position a web of fibers on 
a topographicai support member (Box 1). The fibrous 
web is presoaiced or wetted out with water whiie on this 
support member (Box 2) to ensure that as it is being 
treated it wiii remain on the support member. The sup- 
port member with the fibrous web thereon is passed un- 
der a series of orifices from each of which a fiuid, such 
as water, is ejected under high pressure and directed 
toward the upper surface of the fibrous web, i.e., that 
surface of the web which is out of contact with the top- 
ographicai support member (Box 3). The preferred fiuid 
is water. The water is transported away from the support 
member, preferably using a vacuum (Box 4). Thefibrous 
web is de-watered (Box 5). The de-watered formed fab- 
ric is removed from the support member (Box 6). The 
formed fabric is passed over a series of drying drums to 
dry the fabric (Box 7). The fabric may then be finished 
or otherwise processed as desired (Box 8). 
[0037] Figu re 1 0 is a schematic representatio n of o ne 
type of apparatus for producing nonwoven fabrics using 
support members of the present invention, in this appa- 
ratus, a foraminous conveyor beit 70 moves continuous- 
ly about two spaced apart rotatabie rolls 71 and 72. The 
beit is driven so that it can be reciprocated or moved in 
either a clocl<wise or counterclockwise direction. A wa- 
ter ejecting manifold 74 is placed above the upper reach 
73 of beit 70. This manifold has a plurality of very fine 
diameter holes or orifices. The diameter of the orifices 
Is about 0.007 inch and there are about 30 such holes 
per lineal inch. Water is supplied to manifold 74 under 
pressure and is ejected from the orifices in the form of 
substantially columnar, non-diverging Jets or streams. A 
topographical support member 75 is placed on top of 
beit 70 and a web 76 of fibers is placed on top of the 
topographical support member. A suction manifold 77 is 
placed directly beneath water manifold 74, but under up- 
per reach 73 of beit 70. This suction manifold aids in 
removing the water ejected from manifold 74 so as to 
prevent flooding of fibrous web 76. Water delivered to 
the manifold at a predetennined pressure is ejected 
from the orifices of the manifold in the form of substan- 
tially columnar streams or jets and impinges on the up- 
per su rface of fibrous web 76 . The distance from the low- 
er surface 74a of manifold 74 to the upper surface of 
web 76 to be processed is sufficiently small so as to in- 
sure that the water jets which issue from the orifices of 
manifold 74 contact the upper surface of fibrous web 76 
in the aforementioned substantially columnar, non-di- 
verging fonn. This distance may vary but typically is 
about 0.75 inch. The water jets pass through the fibrous 
web, then through drain holes provided in the topo- 
graphical support member. Spent processing water is 
removed through the suction manifold. As may be ap- 
preciated, the topographical support member with the 
fibrous web thereon may be passed under the manifold 
a number of times as desired to produce fabrics in ac- 
cordance with the present invention. 



[0038] Figure 1 1 depicts an apparatus for continuous- 
ly producing nonwoven fabrics using support members 
in accordance with the present invention. The apparatus 
of Figure 11 includes a conveyor beit 80 which actually 
5 serves as the topographical support member in accord- 
ance with the present invention. The belt is continuously 
moved in a counterclockwise direction about a pair of 
spaced-apart rollers as is well known in the art. Dis- 
posed above belt 80 is a fluid ejecting manifold 79 con- 
necting a plurality of lines or groups 81 of orifices. Each 
group has one or more rows of very fine diameter orific- 
es, each about 0.007 inch in diameter with 30 such ori- 
fices per inch. Water is supplied to the groups 61 of or- 
ifices under a predetermined pressure and is ejected 
from the orifices in the form of very fine, substantially 
columnar, non-diverging streams or jets of water. The 
manifold is equipped with pressure gauges 68 and con- 
trol valves 87 for regulating the fiuid pressure in each 
line or group of orifices. Disposed beneath each orifice 
line or group is a suction box 62 for removing excess 
water, and to keep the area from undue flooding. The 
fiber web 83 to be fonned into the fabric of the present 
invention is fed to the topographicai support member 
conveyor beit. Water is sprayed through an appropriate 
nozzle 84 onto the fibrous web to pre-wet the incoming 
web 83 and aid in controlling the fibers as they pass un- 
der the fiuid ejecting manifolds. A suction slot 65 is 
placed beneath this water nozzle to remove excess wa- 
ter. Fibrous web passes under the flu id ejecting manifold 
in a counter clockwise direction. The pressure at which 
any given group 81 of orifices is operated can be set 
independently from the pressure at which any of the oth- 
er groups 81 of orifices is operated. Typically, however, 
the group 81 of orifices nearest spray nozzle 84 is op- 
erated at a relatively low pressure, e.g. 100 psi. This 
assists in settling the incoming web onto the surface of 
the support member. As the web passes in the counter- 
clockwise direction in Fig. 11 , the pressures at which the 
groups 61 of orifices are operated is usually increased, 
it is not necessary that each succeeding group 81 of or- 
ifices be operated at a pressure higher than its neighbor 
in the clockwise direction. For example, two or more ad- 
jacent groups 81 of orifices could be operated at the 
same pressure, after which the next succeeding group 
81 of orifices (in the counterclockwise direction) could 
be operated at a different pressure. Very typically, the 
operating pressures at the end of the conveyor beit 
where the web is removed are higher than the operating 
pressu res where the web is i nitiai ly fed into the conveyor 
belt. Though six groups 81 of orifices are shown in Fig- 
ure 11 , this number is not critical, but will depend on the 
weight of the web, the speed, the pressures used, the 
number of rows of holes in each group, etc. After pass- 
ing between the fiuid ejecting manifold and the suction 
manifolds, the now formed nonwoven fabric is passed 
over an additional suction slot 86 to remove excess wa- 
ter. The distance from the lower surfaces of the groups 
61 of orifices to the upper surface of fibrous web 83 typ- 
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ically ranges from about 0.5 inch to about 2.0 inches; a 
range of about 0.75 inch to about 1 .0 inch is preferred, 
it wiii be apparent that the web cannot be spaced so 
ciosely to the nnanlfold that the web contacts the nrtani- 
foid. On the other hand, if the distance between the iow- 
er surfaces of the orifices and the upper surface of the 
web is too great, the fiuid streams will lose energy and 
the process wiii be less efficient. 
[0039] A prefen^ed apparatus for producing nonwoven 
fabrics using support members of the present invention 
is schematicaiiy depicted in Figure 12. in this apparatus, 
the topographical support member Is a rotatable dmm 
90. The drum rotates in a counterciocicwise direction. 
Drum 90 may be a continuous cyiindricai drum or may 
be made of a piuraiity of curved piates 91 , disposed so 
as to forni the outer surface of the drum. In either case, 
the outer surface of the drum 90 or the outer surfaces 
of the curved piates 91 comprises the desired topo- 
graphical support configuration. Disposed about a por- 
tion of the periphery of the drum is a manifold 69 con- 
necting a plurality of orifice strips 92 for applying water 
or other fluid to a fibrous web 93 placed on the outside 
surface of the curved piates. Each orifice strip may com- 
prise one or more rows of very fine diameter holes or 
apertures of the type mentioned -earlier -herein. Typi- 
cally, the apertures are approximately 5/1 000 of an inch 
to 1 0/1 000 of an i nch i n diameter. There may be as many 
as 50 or 60 holes per inch or more if desired. Water or 
other fluid Is directed through the rows of orifices. In gen- 
eral, and as explained above, the pressure In each ori- 
fice group is typically increased from the first group un- 
der which the fibrous web passes to the last group. The 
pressure Is controlled by appropriate control valves 97 
and Is monitored by pressure gauges 98. The drum Is 
connected to a sump 94 on which a vacuum may be 
pulled to aid in rem ovi n g water and to Iceep the area from 
flooding, in operation, the fibrous web 93 is placed on 
the upper surface of the topographical support member 
before the water ejecting manifold 69 as seen in Fig. 12. 
The fibrous web passes underneath the orifice strips 
and is formed into a nonwoven fabric in accordance with 
the present Invention. The formed fabric Is then passed 
over a section 95 of the apparatus 95 where there are 
no orifice strips, but vacuum is continued to be applied. 
The fabric after being de-watered is removed from the 
drum and passed around a series of dry cans 96 to dry 
the fabric. 

[0040] in order to create the raised portions in nonwo- 
ven fabrics, a layer of fibers or a lightly entangled web 
is placed on a foraminous support member comprising 
a top surface having a topographical pattern and a sec- 
ond surface displaced from the top surface of the sup- 
port member. The top surface creates the baclcground 
portion and the second surface creates the raised por- 
tion of the fabric. 

[0041] The top surface has a structure which minimiz- 
es lateral movement of the fibers of the starting fibrous 
web that would undesirably create areas of high and low 



fiber concentration. If there Is excessive lateral move- 
ment of the fibers during processing, the resulting non- 
woven fabric may have thin spots or regions devoid of 
fibers. 

5 [0042] An example of a topographical support mem- 
ber for making a pattern in the baclcground portion of a 
nonwoven fabric is shown in Figure 13. The support 
member 1 02 comprises a body 1 00 having a top surface 
103 and bottom surface 104. Disposed in a predeter- 
mined pattern across top surface 103 is an array of 
peal<s 1 05 separated by valleys 1 06. A plurality of drain- 
age apertures 107 extends through the thickness of the 
support member are disposed in a pattern in the mem- 
ber 102. in this embodiment, each drainage aperture 
1 07 is surrounded by a cluster of six peaks 105 and six 
valleys 1 06. 

[0043] The drainage apertures 1 07 are tapered, or 
"beii mouthed", having a larger diameter at the top sur- 
face 1 03 of the support member than the bottom surface 
104. The angle 111 fonned by the taper must be con- 
trolled relative to the thickness 1 1 2 of the support mem- 
ber 102 to produce the Intended result. For example, if 
the angle is too great, the aperture will be too small and 
therefore insufficient drainage will be provided. If the an- 
gle Is too small, there will be very few or no peaks and 
valleys in the support member. 

[0044] The center-to-center spacing, S, of adjacent 
apertures in the repeating pattern is of similar impor- 
tance. The peaks 105 and valleys 106 are created by 
the intersection of the tapered, somewhat conical aper- 
tures 7. If the center-to-center spacing, S, of the aper- 
tures were greater than the major diameter of aperture 
7 at the top surface 3, no -intersection would result, and 
the member would be a smooth, flat top surface with 
conical apertures disposed throughout. When the cent- 
er-to-center spacing of adjacent apertures is less than 
the aperture diameters measured along that center-to- 
center line, the conical surfaces Intersect forming aval- 
ley. The support member of Figure 13 will produce a tri- 
cot-like pattern in the background portion of a nonwoven 
fabric. Any pattern may be employed to form the design 
of the background portion of the nonwoven fabric. 
[0045] The second surface of the foraminous support 
member is comprised of a piuraiity of recesses that will 
create the raised portions in the final fabric. Figure 14A 
Is a cross-sectional view of a support member 1 22 hav- 
ing atop surface 123 and a recessed region 121 com- 
prising second surface 124. Apertures 127 are approx- 
imately normal to the support member, and extend fully 
from the top surface 1 03 to the bottom surface 1 04. The 
apertures must be of adequate size and number to re- 
move the excess fluid during entangling and prevent 
" excess i ve f I o od i n g " of th e s u p po rt mem ber s u rf ace dur- 
ing entangling. 

[0046] it will be apparent to one skilled In the art that 
recessed region 121 must be of sufficient size so as to 
provide a cieariy defined raised portion in the finished 
nonwoven fabric. For example, the specific support 
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member 1 02 shown in Figure 13 lias a repeating pattern 
comprising a singie aperture 107 sun^ounded by six 
pealcs 1 05. Apertures 1 07 in member 1 02 liave a center 
line-to-center line spacing of S. The narrowest dimen- 
sion of recessed region 121 must be greater than the 
center iine-to-center line spacing, S. If the narrowest di- 
mension of recessed region 121 is less than center iine- 
to-center line spacing S, the raised region will not be 
well defined or may not exist at all in the final nonwoven 
fabric, in a specific embodiment of support member 122, 
which has been used to mai<e nonwoven fabrics of the 
present invention, the width of the recessed region 1 21 
is about 11 times the center iine-to-center line spacing, 
S, of apertures 107. The recessed surfaces should be 
deep enough to be clearly discernabie as a different lev- 
el, may have multiple levels, and may be curved as well 
as planar. The recessed second surface 1 21 of member 
122 may have the same pattern as top surface 123, or 
a different pattern. 

[0047] The top surface of the support member is pro- 
vided with sufficient texture to control the movement of 
fibers, preventing "washed out" areas yet allowing suf- 
ficient mobility for the web of fibers to arrange them- 
selves in the recesses and interlock under the influence 
of the flu id Jets. With an appropriately aggressive pattern 
of holes, no additional texture is required. Usually, how- 
ever, some texture is created in this surface to provide 
better control of fiber movement and impart visual inter- 
est to the final fabric. 

[0048] A transition region is evident between the two 
levels. A thinning of the fiber concentration at the edge 
of the bacicground occurs, with a corresponding in- 
crease in fiber concentration neartheedgeof the raised 
portion. With a sample fabric averaging 2.1 9 oz./sq. yd. , 
strips of fabric 7/64" wide by 172" long were cut with the 
long dimension parallel to the transition line, centered 
in the areas of highest and lowest fiber concentration. 
The weight ratio of heavy strips to light strips for four 
different patterns averaged 1 .53:1 . The result is that a 
wide feature has a baci<ground portion basis weight 
about equal to the raised portion basis weight, but with 
this rather poorly defined transition having light and 
heavy areas. To remedy this for larger features, the pre- 
ferred embodiment will have three or more distinct, es- 
sentially parallel surfaces, each at a different layer in the 
thickness of the backing member. 
[0049] Figure 14B shows a cross section of a topo- 
graphical support member 128 with top surface 123, re- 
cessed region 121 , recessed surface 124, a second re- 
cessed region 125, and bottom surface 126. Apertures 
127 extend through the entire thickness of the support 
member. 

[0050] A nonwoven fabric made using support mem- 
ber 122 comprises a background portion 12, a raised 
portion 16 and a transition region 24 comprising a fiber- 
poor region 30 and a fiber-rich region 32. The fiber-rich 
region 32 of transition region 24 lies adjacent and is con- 
nected to the periphery of raised portion 1 6. In this non- 



woven fabric, there Is a distinct and visually apparent 
boundary between the fiber-poor region 30 and the 
background portion 12. However, the boundary be- 
tween the fiber-rich region 32 and the periphery of the 
5 raised portion 1 6 is less distinct and less visually appar- 
ent. This latter boundary can be made more distinct and 
more visually apparent by using the topographical sup- 
port member shown in Figure 14B to make the nonwo- 
ven fabric. As seen in Figure 14B, topographical support 
member 1 28 comprises a top surface 1 23, a recessed 
surface 124, a pair of second recessed regions 125, a 
bottom surface 126 and a plurality of apertures 127 ex- 
tending through its thickness. A nonwoven fabric made 
with topographical support member 128 is shown in 
cross-section in Figure 15 of the drawings. There it will 
be seen that the nonwoven fabric comprises a back- 
ground portion 12, a raised portion 16 and a fibrous tran- 
sition region 24which joins the background portion and 
the raised portion. Transition region 24 comprises a fib- 
er-poor region 30 and a fiber-rich region 32 analogous 
to those seen in Figure 5. Whereas in the nonwoven fab- 
ric of Figure 5, the upper surface of fiber-rich portion 32 
is substantially copianar with the upper surface of raised 
portion 1 6, the upper surface of the analogous fiber-rich 
region 32 of the nonwoven fabric shown in Figure 1 5 is 
in a plane which is above the plane of the upper surface 
of raised portion 16. This is a result of the provision in 
support member 128 of the pair of second recessed re- 
gions 125. In the nonwoven fabric of Figure 15, the 
boundary between fiber-rich region 32 of transition re- 
gion 24 and the raised portion 1 6 is more distinct and 
more visually apparent than in the case of the nonwoven 
fabric of Figure 5. Additional recessed regions in the 
support member will provide additional raised portions 
In the fabric. Multiple recessed surfaces may be provid- 
ed in the support member, as desired, to create further 
corresponding raised portions in the nonwoven fabric. 
It will be apparent that. In accordance with the teachings 
of the present invention, a suppori: member can be pro- 
vided which can be used to produce a modified version 
of the nonwoven fabric of Figure 15 wherein the central 
region of raised portion 16 candies a further raised por- 
tion projecting upwardly from the upper surface thereof. 
[0051] Referring again to Figure 1 B, there is shown a 
nonwoven fabric having a raised portion 1 8 in the fonri 
of a rectangle. As already mentioned, the basis weight 
of raised portion 18 is greater than that of background 
portion 12. The nonwoven fabric of Figure IB can be 
made on a modification of support member 128 shown 
in Figure 148. Such modified support member would 
comprise recessed region 1 25 arranged In the fonn of 
the desired rectangle but would not, however, include 
recessed region 121 or its recessed surface 124. 
[0052] Topographical support members of the present 
invention may be produced by processing a precursor 
support member workpiece having any desired topo- 
graphical configuration on the apparatus shown in Fig- 
ure 16. 
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[0053] The desired precursor workpiece is mounted 
on an appropriate arbor, or mandrei 821 that fixes it in 
a cylindricai shape and allows rotation about its longitu- 
dinal axis In bearings 822. A rotational drive 823 is pro- 
vided to rotate mandrei 821 at a controlled rate. Rota- 
tional pulse generator 824 is connected to and monitors 
rotation of mandrel 821 so that Its precise radial position 
is known at all times. 

[0054] Parallel to and mounted outside the swing of 
mandrei 821 is one or more guide ways 825 that allow 
carriage 826 to traverse the entire length of mandrel 821 
while maintaining a constant clearance to the top sur- 
face 603 of tube 802. Carriage drive 833 moves the car- 
riage along guide ways 825, while carriage pulse gen- 
erator 834 notes the lateral position of the carriage with 
respect to support member 802. Mounted on the car- 
riage Is focusing stage 827. Focusing stage 827 Is 
mounted in focus guide ways 828 and allows motion or- 
thogonal to that of carriage 826 and provides a means 
of focusing lens 829 relative to top surface 803. Focus 
drive 832 Is provided to position the focusing stage 827 
and provide the focusing of lens 829. 
[0055] Secured to focusing stage 827 is the lens 829, 
which is secured In nozzle 630. Nozzle 630 has means 
631 for Introducing a pressurized gas into nozzle 630 
for cooling and maintaining cleanliness of lens 829. 
[0056] Also mounted on the carriage 626 is final bend- 
ing mirror 835, which directs the laser beam 836 to the 
focusing lens 829. Remotely located Is the laser 637, 
with optional beam bending mirrors 838 to direct the 
beam to final beam bending mirror 835. While it would 
be possible to mount the laser 637 directly on carriage 
826 and eliminate the beam bending min^ors, space lim- 
itations and utility connections to the laser make remote 
mounting far preferable. 

[0057] When the laser 837 is powered, the beam 636 
emitted Is reflected first off beam bending min^or 636, 
then final beam bending mirror 835, which directs it to 
lens 629. The path of laser beam 836 is configured such 
that, if lens 829 were removed, the beam would pass 
through the longitudinal center line of mandrel 621 . 
[0058] When focusing lens 829 passes beam 836, it 
concentrates the energy near the center of the beam. 
The rays are not bent through a single point, but rather 
a spot of small diameter. The point of smallest diameter 
is said to be the focus or focal point. This occurs at a 
distance from the lens said to be the focal length. At 
lengths either shorter or greater than the focal length, 
measured spot sizes will be greater than the minimum. 
[0059] A precursor support member comprising a pre- 
determined topography and a predetennlned pattern of 
openings therein is prepared or otherwise obtained. 
One support member which is suitable as such a pre- 
cursor is disclosed in Figure 3 of U.S. 5,098,764. This 
support member, identified by numeral 56 in Figure 3 of 
the '764 patent, comprises rows of pyramids 61 whose 
apices 65 are aligned in two directions perpendicular to 
each other. These pyramids have "sides" 66 and the 



spaces between the pyramids are called "valleys" 67. 
This support member also includes a plurality of holes 
or apertures 66 disposed In a pattern and extending 
through the thickness of the support member. Several 

5 other topographical support members are disclosed in 
U.S. 5,098,764 and all of these support members are 
suitable precursors for use in making support members 
for practicing the present invention . Precursor support 
members must be constructed of materials which are 

10 suitable for processing by laser ablation; acetai or acryl- 
ic materials are preferred materials of construction. Spe- 
cifics of the laser processing of polymeric materials have 
been disclosed in commonly assigned co-pending U.S. 
Patent Application Serial No. 307,203 , filed 

15 16.09.1994 , the title of which is "Defocused Laser Drill- 
ing Process For Making Fabric Fonning Device" and the 
disclosure of which Is hereby Incorporated by reference. 
[0060] The support member illustrated in Figure 13 of 
the accompanying drawings is used as the precursor 

^ topographical support member from which Is prepared 
a support member for making nonwoven fabric IOC 
shown in Figure 1 C of the accompanying drawings. This 
precursor support member is disclosed in Figure 5 of 
copending U.S. Patent Application Serial No. 131 ,191 , 
filed September 13, 1993, the title of which Is "Tricot 
Nonwoven Fabric" and the disclosure of which is hereby 
incorporated by reference. As disclosed in the afore- 
mentioned application, this particular support member 
can be used to make nonwoven fabrics with a tricot-like 

30 surface appearance. 

[0061] The process for laser drilling a precursor sup- 
port member to provide a support member of the present 
invention which can be used to produce nonwoven fab- 
ric IOC of Figure 1C will now be described. An initial 

35 focusing step must be performed. The precursor sup- 
port member shown in Figure 13 is positioned on the 
mandrel 821, and the carriage drive 633 is motored to 
place the focal point of the lens 829 in a non-drilled por- 
tion of the starting tube from which the precursor support 

40 member was originally made. Typically, non-drilled por- 
tions are provided as a margi n at each end of the support 
member; these non-drilled portions provide not only ar- 
eas for trial engraving but also function as a reinforcing 
means, thus providing structural integrity to the support 

45 member. The laser is pulsed briefly and the mandrel ro- 
tated slightly between pulses such that a series of small 
depressions is provided. 

[0062] The focus stage 627 is then moved with re- 
spect to the mandrei center line to change the focus po- 

so sition and another series of depressions is produced. 
Typically a matrix of 20 columns of 20 depressions each 
is drilled, with the focus stage being repositioned inbe- 
tween each pair of columns. The depressions are ex- 
amined microscopically, and the column of smallest de- 

S5 pressions Is identified. The position of the focus stage 
627 that produced this column of smallest diameter de- 
pressions defines the reference diameter for the precur- 
sor support member top surface 1 03 at which the beam 
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is focused. 

[0063] A desired pattern is selected, sucli as that in 
Figure 1 7A. Figure 17A is a bit map of the pattern used 
to create the support member which was uttimateiy used 
to produce the nonwoven fabric 1 0C of Figure 1C. Fig- 5 
ure 1 7B Is a bitmap, greatly enlarged, of the rectangular 
region 301 of Figure 17A. Ascan be seen in Figure 17B, 
the curved portion of the mirror image of the letter "S" is 
not a smooth curve, but rather a series of tiny stepped 
squares, or "pixels". Each of these pixels corresponds 10 
to a region on the su rface of the p recursor support mem- 
ber to be engraved. The typical dimension of the support 
member surface corresponding to one pixel is 0.002 
inch in each direction. The pixels that are colored black 
correspond to regions that wi II be a dep ressed region in is 
the final support member, that is, regions where the la- 
ser will be tumed on to remove material by ablation. The 
pixels that are white correspond to regions of the sup- 
port member that should remain unaltered by this proc- 
ess, and consequently are regions where the laser will ^ 
be turned off. in this manner the pattern of Figure 1 7A 
encodes the laser operating instructions to produce the 
image in the support member. 

[0064] The pattern must be adjusted to produce an 
image of the intended size, if, for example, a depressed 
feature in the support member is desired with a length 
of one inch, and the above-mentioned scale is em- 
ployed, the bit map must be created with that Image be- 
ing 500 pixels long. 

[0065] A position is then selected for the first de- so 
pressed region to be created in the precursor support 
member. This must be defined for both the longitudinal 
position (across the face of the precursor support mem- 
ber) and the circumferential position (around the circum- 
ference of the precursor support member). This starting 3s 
position corresponds to the top left corner of the bit map 
in Figure 1 7A of the accompanying drawings. Columns 
of pixels in the bit map correspond to regions disposed 
around the circumference of the precursor support 
member. Rows of pixels in the bit map correspond to 
regions disposed across the face of the precursor sup- 
port member. 

[0066] If more than one depressed region is desired 
in the final support member, the initial corner location is 
established for each such depression. If desired, the 45 
computer control system can be configured such that 
the number of repeats of a pattern in each direction (lon- 
gitudinal and circumferential ) can be specified, and the 
computer will determine the starting points for each of 
these repeats. Within each depressed region the oper- so 
ation is duplicated. 

[0067] In operation, the carriage is initially motored so 
that the focal point of the lens corresponds to the longi- 
tudinal position of the previously detemnined position of 
the first depression. This position is established by the S5 
carriage pulse generator 634. 

[0068] The mandrel is now made to rotate at a con- 
stant speed. Circumferential position is established by 



rotational pulse generator 624. The actual rotational 
speed used will depend on the laser power, desired 
depth of cut, laser spot size and carriage advance per 
revolution. Once the mandrel is at operating speed, the 
computer examines the left-most column of the bit map 
for laser instructions. If this column has no black pixels, 
the laser will remain off for the entire first revolution of 
the mandrel, if there are black pixels in the first column, 
the laser will be switched on when the positions on the 
support member corresponding to black pixels are po- 
sitioned at the focal point of the lens. The encoded in- 
structions in this left-most column result in repeated la- 
ser operation around the circumference of the support 
member in each of the regions specified to have the pat- 
tern repeated. 

[0069] When a full revolution has been completed, the 
carriage drive repositions the focal point of the lens to 
the position of the next region of the precursor support 
member from which material is to be removed by laser 
ablation. This new location is directly over those regions 
of the precursor support member corresponding to the 
pixels in the second column of the bit map. The new lo- 
cation is verified by can'iage pulse generator 834. The 
computer then examines the encoded instructions in the 
second column of the bit map, and pulses the laser on 
and off as instructed during the next mandrel revolution. 
This process is repeated until the entire pixel pattern in 
the bitmap has been "burned" into the precursor support 
member. 

[0070] Note that in the approach, each pass produces 
a number of narrow cuts in the material, rather than a 
large depression. Because these cuts are precisely reg- 
istered to line up side-by-side and overiap somewhat, 
the cumulative effect is a broad depression. Production 
of a smooth image requires that the region established 
to correspond to an individual pixel in the design be 
smaller than the minimum laser spot size used. This pro- 
vides overiap of adjacent passes resulting in subse- 
quent blending of the edges of each pass, and thereby 
minimizing "jaggies". Though typically square, for some 
purposes, It is more convenient to employ pixels of un- 
equal propori:ions. For example, rectangular pixels may 
be employed. 

[0071] Recess depth is proportional to power, and in- 
versely proportional to rotational speed and carriage ad- 
vance per revolution. The cumulative effect of multiple 
passes is a wide recess, with blending of detail from 
overlapping passes. This process can be repeated as 
many times as a desired over the worthing face of the 
support member, creating large pattern effects. 
[0072] If an accent recess is desired , a second pattern 
is created, identifying those pixels to be engraved to a 
different depth. These follow the same process, but use 
either a higher laser power or slower rotational speed to 
achieve increased depth. 

[0073] There is a surprising and interesting aspect to 
the above-described laser ablation processing of a pre- 
cursor support member. Unlike a lathe tuming opera- 
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tion, which would remove material to a constant depth, 
the laser ablation process just described removes a 
fixed amount of material from the precursor support 
member. For example, in the process just described, the 
precursor support member comprised the topographical 
pattern shown in Figure 13. The subsequent laser abla- 
tion process creates a recessed region corresponding 
to the min'or image of the letters "JSK". When a nonwo- 
ven fabric is made using the finished support member, 
the letters "JSK" appear in a raised portion of the fabric. 
This is seen in Figure 1 7A where the letters "JSK" com- 
prise first raised portion 1 6 of nonwoven fabric 1 0C. 
These raised letters "JSK" have the same tricot-lilce ap- 
pearance as background portion 12. 

EXAIVIPLE 1 

[0074] This example shows the production of a topo- 
graphical support member which can be used to pro- 
duce nonwoven fabric 1 0C of Figure 1C. The precursor 
topographical support member is made of acetai and 
has the topographical pattern of peaks, valleys and ap- 
ertures shown in Figure 13 of the accompanying draw- 
ings. The precursor topographical support member was 
made by the laser drilling process disclosed in common- 
ly assigned copending U.S. Patent Application Serial 
No. 307,203 filed 16,09, 1994, the title of which is "De- 
focused Laser Drilling Process For Making Fabric Fonn- 
ing Device" and the disclosure of which is hereby incor- 
porated by reference. The support member of this Ex- 
ample 1 was made on the apparatus of Figure 1 6 using 
the precursor support member Just mentioned and the 
laser ablation process described hereinabove. The pre- 
cursor support member was mounted on mandrel 621 . 
The computer graphic file used to control the laser ab- 
lation process was that shown in Figure 1 7A. The laser 
power was set to produce a constant output, when on, 
of 1320 watts. Lens 829 was a positive meniscus lens 
having a focal length of 5 inches. Lens 629 was focused 
at the top surface of theunengraved marginal portion of 
the precursor topographical support member. This co- 
incides with the reference diameter established for the 
precursor support member as explained earlier herein. 
The rotational speed of mandrel 821 during the laser ab- 
lation process was 35 rpm, resulting in a support mem- 
ber top surface speed of 69 m/min. The carriage ad- 
vance per revolution was 50 microns. The laser ablation 
process was continued until the entire peripheral sur- 
face of the precursor support member was laser en- 
graved with the desired pattern. The resulting topo- 
graphical support member comprised a first pattern 
nearer its outer surface and a second pattern beneath 
said first pattern, i.e., recessed into the depth of the sup- 
port member. The first pattern in the resulting support 
member was the pattern illustrated in Figure 13 of the 
drawings. The second pattern, i.e. , the pattern recessed 
into the depth of the support member beneath the first 
pattem, was the pattern illustrated in Figure 1 7A of the 



drawings. 
EXAMPLE 2 

5 [0075] This example illustrates the production of non- 
woven fabric IOC shown in Figure 1C using the topo- 
graphical support member made in accordance with Ex- 
ample 1 . The topographical support member of Exam- 
ple 1 was removed from mandrel 821 of the apparatus 
shown in Figure 1 6 and was mounted on drum 90 of the 
apparatus shown in Figure 12. 
[0076] A fibrous web consisting entirely of staple- 
length cotton fibers and weighing 1 .2 ounces per square 
yard was made by combining a 0.6 ounce per square 
yard 100% cotton web made by a conventional carding 
process and a 0.6 ounce per square yard 1 00% cotton 
web made by a conventional air laying process, in the 
specific example being discussed, the carded web and 
the air laid web were combined by positioning the air 
laid web on top of the carded web. it will be understood 
that the carded web could, if desired, be positioned on 
top of the air laid web. 

[0077] The aforementioned 1 .2 oz/sq yd 1 00% cotton 
web was lightly pre-entangied using a conventional flat- 
belt entangling apparatus comprising 18 orifice strips 
which were spaced from each other in the machine di- 
rection of the apparatus -and which extended across 
the width of the apparatus. The diameter of the orifices 
was 0.007 inch. There were thirty (30) orifices/lineal inch 
in each orifice strip. The entangling fluid was water. In 
going from the upstream direction to the downstream 
direction, water was supplied to the first 3 orifice strips 
at 200 psig; to the next 3 orifice strips at 600 psig; and 
to the last 1 2 orifice strips at 1 000 psig. The pre-entan- 
giing apparatus was operated at about 330 feet per 
minute (fpm). The thus processed cotton web was dried 
over steam cans to provide a lightly entangled 1 00% cot- 
ton web hereinafter called a "pre-bond". 
[0078] Two plies of the above- described pre-bond 
were used to make nonwoven fabric 1 0C. The two-ply 
pre-bond was placed on the typographical support 
member of Example 1 which had been previously been 
mounted on mandrel 821 . The two-ply pre-bond was 
then sprayed lightly with water. The distance from the 
bottom of the orifice strips of the apparatus shown in 
Figure 1 2 to the top of the pre-bond material was about 
0.75 inch . Only one of the five orifice strips 92 shown in 
Figure 12 was used for the processing step. The two- 
ply pre-bond was passed once under the orifice strip at 
1 00 yards per minute while water was being supplied to 
orifice strip at a pressure of about 600 psig. The pre- 
bond was then passed under the orifice strip eight ad- 
ditional times. The line speed employed during these 
eight passes was 1 00 yards per minute with water being 
supplied to the orifice strip at a pressure of about 1600 
psig. Nonwoven fabric IOC thus produced was vacuum 
dewatered, removed from the support member, and 
dried in a hot air oven. 
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[0079] It will be understood that nonwoven fabric 1 0C 
comprised a background portion 12 tiaving a tricot-iiite 
appearance wliicli resulted from the first pattern com- 
prising the support member, said first pattern con^e- 
sponding to that shown In Figure 13 of the drawings. 
Raised portion 1 6 of the nonwoven fabric IOC resulted 
from the pattem of Figure 1 7A. 

[0060] Further details respecting nonwoven fabrics of 
the kinds disclosed herein are found in commonly as- 
signed copending U.S. Patent Application Serial No. 
308,001 , filed 16. 09.1 994 , the title of which is "Nonwo- 
ven Fabrics i-iaving Raised Portions", and the disclosure 
of which is hereby incorporated by reference. 
[0081] Basis weight is determined as follows. The ma- 
terial to be tested is conditioned for at least 6 hours at 
ZO'^F and a relative humidity of 65%. Three individual 
test specimens are die cut from the desired part of the 
conditioned material using a die punch of known, pre- 
determined area. This area is on the order of 30 square 
millimeters. Each die cut test specimen is weighed on 
an analytical balance. The basis weight of each individ- 
ual test specimen is calculated by dividing its weight by 
its known area. The basis weight is reported as the av- 
erage of the basis weights of the three test specimens. 
[0062] While several embodiments and variations of 
the present invention are described in detail herein, it 
should be apparent that the disclosure and teachings of 
the present invention will suggest many alternative de- 
signs to those skilled in the art. 



Claims 

1 . A method for forming a topographical support mem- 
ber (1 02, 1 22, 1 28) for producing nonwoven fabrics 
(1 0) having at least one raised portion (1 6, 16), said 
method comprising the steps of: 

a) providing a workplace (100, 802); 

b) forming a first topographical pattern (105, 
106) on a top surface (103, 123, 803) of the 
workpiece (100); 

c) forming a plurality of openings (1 07) through 
said workpiece (100); and 

d) superimposing on said workpiece (100) a 
second topographical pattern (1 21 , 1 23) com- 
prising at least one region (121) recessed from 
said top surface (123) that will create the at 
least one raised portion (16, 16) of the fabrics 
(10). 

wherein the first pattern (105, 106) is micro- 
sized relative to the second pattern (121 ,123), 
being macro-sized, and discern able within the 
top surface (1 23) and the recessed region (1 21 ) 
of the second pattern. 

2. The method of claim 1 wherein said recessed re- 
gion has a third topographical pattern, being micro- 



sized relative to the second pattern (121 , 123). 

3. The method of claim 2 wherein said first and third 
topographical patterns (1 05, 1 06) are the same pat- 

5 tern. 

4. The method of claim 1 wherein the step of forming 
the first topographical pattern (105, 106) includes 
laser drilling the top surface (1 03) of said workpiece 

10 (100). 

5. The method of claim 4 wherein said step of laser 

drilling Includes moving a laser beam (636) in a se- 
ries of raster scan lines over the surface (803) of 
IS the workpiece (602) . 

6. The method of claim 4 wherein the step of superim- 
posing the at least one recessed region Includes la- 
ser (836) ablating to a predetennined depth below 

^ said top su rf ace (603) . 

7. The method of claim 6 Wherein said laser ablating 
step includes moving a laser beam (836) in a series 
of raster scan lines over the top surface (803) of the 
workpiece (802). 

8. The method of claim 1 wherein said step of super- 
imposing the at least one recessed region (121) in- 
cludes the step of forming two or more of said re- 

30 gions (124, 125) at differing depths below the top 
surface (123). 

9. The method of claim 1 wherein the step of superim- 
posing the at least one recessed region (121) In- 

55 eludes the step of forming a major surface (1 24) re- 
cessed a first depth below the top surface (123) and 
one or more minor surfaces (125) recessed at 
depths different from said first depth. 

-^o 10. The method of claim 9 wherein one minor surface 
(125) is fornied surrounding said major surface 
(124); said minor surface (125) being recessed at a 
depth below said first depth, the width of said minor 
surface (1 25) being substantially less than the width 

45 of said major surface (1 24). 

11 . The method of claim 1 wherein steps (b) and (c) are 
perfonned by the steps of: 

so a) focusing a laser beam (838) such that the 

focal point is below the top surface (603) of said 
workpiece (102, 802); and 
b) drilling with said laser beam (638) a prede- 
tennined pattern of tapered apertures (107) 

55 through said workpiece (102, 802) thereby 

fonnlng an array of peaks (105) and valleys 
(106) surrounding each aperture (107) on the 
top surface (1 03) of the resulting support mem- 
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ber (100). 

12. The method of claim 11 wherein the center line to 
center line spacing (S) of adjacent apertures (1 07) 
is less than the major diameter of the conical top 
portion of each adjacent aperturs (1 07). 

13. The method of claim 1 2 wherein said array of peaks 

(105) and valleys (106) surrounding the pattern of 
tapered apertures (107) is configured to provide a 
tricot-like nonwoven fabric (1 0). 

14. A topographical support member for producing a 
nonwoven fabric (10) having at least one raised por- 
tion (16, 16), said member comprising: 

a) a body (1 00) having a top surface (1 03) in- 
cluding a first topographical pattern (105, 106); 

b) a pattern of apertures (107) extending 
through said body (100); 

c) a second topographical pattern comprising 
at least one region (121) recessed below said 
top surface (103), 

wherein the first pattern (105, 106) is micro- 
sized relative to the second pattern (121 , 123), 
being macro-sized, and discernabie within the 
top surface (1 23) and the recessed region (1 21 ) 
of the second pattern. 

15. The support member of claim 14 wherein said at 
least one recessed region has a third topographical 
pattern, being micro^ized relative to the second 
pattern (121, 123). 

16. The support member of claim 15 wherein said first 
and third topographical patterns are the same pat- 
tern. 

17. The support member of claim 14 wherein said at 
least one recessed region (121) includes a major 
surface (124) recessed a first depth below the top 
surface (1 03) and one or more minor surfaces (125) 
recessed at depths different from said first depth. 

18. The support member of claim 17 wherein said re- 
cessed region (121) includes one minor surface 
(1 25) su rrou nding said major su rf ace (1 24) , said mi- 
nor surface (124) being recessed at a depth below 
said first depth, the width of said minor surface (125) 
being substantially less than the width of said major 
surface (124). 

19. The support member of claim 14 wherein said first 
topographical pattern includes a pattern of a plural- 
ity of peaks (105) and valleys (106), each of said 
apertures (107) having a conical top portion sur- 
rounded by a cluster of said peaks (105) and valleys 

(106) . 



20. The support member of claim 1 9 wherein the center 
line to center line spacing (S) of adjacent apertures 
(107) is less than the major diameter of the conical 
top portion of each adjacent aperture (1 07). 

5 

21 . The support member of claim 20 wherein said pat- 
tern of the plurality of peaks (1 05), valleys (1 06) and 
apertures (107) being configured to produce a tri- 
cot-like nonwoven fabric (10). 

10 

22. The support member of claim 19 wherein said at 
least one recessed region (121) includes a pattern 
of a plurality of peaks (105) and valleys (106) sur- 
rounding each aperture (1 07) which is the same as 
said f 1 rst topograph ical pattern . 

23. The support member of claim 1 4 wherein said first 
pattern includes a repeating pattem of peaks (105) 
and valleys (1 06) and wherein the cross-sectional 

^ width of said recessed region (121) is greater than 
the spacing between the repeat of said repeating 
first pattern. 

24. The support member of claim 14 wherein said pat- 
tern of apertures (1 07) is a matrix and wherein the 
cross-sectional width of said recessed region (121) 
is greater than the spacing between the apertures 
(107) in said matrix. 

30 25. The support member of claim 14 wherein said first 
pattern includes a repeating pattem of peaks (105) 
and valleys (1 06) and wherein the cross^ectional 
width of said recessed region (121) is at least two 
times greater than the spacing between the repeat 
55 of said repeating pattern. 

26. The support member of claim 14 wherein said pat- 
tern of apertures (107) is a matrix and wherein the 
cross -sectional width of said recessed region (121) 

40 is at least two times greater than the spacing be- 
tween the aperture (1 07) in said matrix. 

27. A method for producing a nonwoven fabric compris- 
ing the steps of: 

45 

positioning a fibrous layer (93) on the peaks 
(105) of a cylindrical topographical support 
member (90) fonned by the method of claim 1 ; 
projecting adjacent flu id streams simultaneous- 
so ly against the fibrous layer (93) and then 

against the peaks (105) and then through the 
apertures (107); 

rotating the cylindrical support member (90) 
while the fluid is being projected against the fi- 
S5 brous layer (93); 

removing the fluid projected through the aper- 
tures (107); and 

removing a nonwoven fabric from the surface 
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of the support member (90). 

26. An apparatus for producing a nonwoven fabric com- 
prising: 

5 

a rotatable liollow drum (90) in fonn of a topo- 
grapliicai support member of ciaim 1 9; means 
for positioning a fibrous iayer on the apices of 
the pealts (1 05) on the top surface of the drum 
(90); 10 
means (92) iocated outside the drum (90) for 
projecting adjacent fluid streams simuitaneous- 
iy against said fibrous iayer (93) and then 
against the pealcs (1 05) on both the top surface 
and the recessed region and then through the is 
openings (107) and into the drum (90); 
means (823) for rotating said drum (90, 602) 
whiie said fiuid is being projected against said 
outside surface (803); 

means (94) disposed inside the drum (90) to re- ^ 
move th e f lu Id from the surface of the drum (90) ; 
and 

means for removing a nonwoven fabric from the 
surface of the drum (90). 



Pat en ta nsp r uc he 

1. Verfahren zum Ausbiiden eines topograph Ischen 
Stiitzelementes (1 02, 1 22, 1 28) zur Hersteilung von so 
Viiesstoffen (10) mit wenigstens einem erhohten 
Bereich (16, 18), wobei das Verfahren foigende 
Schrltte umfa^t: 

a) Bereltsteiien eines Arbertsstuckes (100, 
802); 

b) Ausbiiden eines ersten topographischen l\^u- 
sters (105, 106) auf eInerOberseite (103, 123, 
603) des Arbeitsstuclces (100); 

c) Ausbiiden einer Vieizahi von Lochern (107) ^o 
durch das Arbeitsstuclc (100) hindurch; und 

d) IHinzufugen eines zwelten topographischen 
Musters (121, 123) in das Arbeitsstucic (100), 
weiches wenigstens einen Bereich (121) auf- 
weist, der gegenuber der Oberseite (123) ver- 45 
tieft 1st und der den wenigstens eInen erhohten 
Bereich (16, 18) des Stoffes (10) erzeugen 
wird, 

wobei das erste iWuster (105, 1 06) milcroslcopi- 
sche MaBe gegenuber dem zweiten Muster so 
(121, 123) mit maitroskopischen MaBen auf- 
weist und in der Oberseite (1 23) sowie dem ver- 
tieften Bereich (121) des zweiten Musters 
wahrnehmbar ist. 

55 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, dal3dervertiefte Bereich ein drittes topographi- 
sches Muster aufweist, das gegenuber dem zwei- 
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ten Muster (121, 123) mikroskopische MaBe auf- 
weist. 

3. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daO das erste und dritte topograph ische Muster 
(105, 106) dasselbe Muster aufweisen. 

4. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB der Schritt des Ausbiidens des ersten to- 
pographischen Musters (105, 1 06) ein Laserbohren 
der Oberseite (1 03) des Arbertsstuckes (1 00) um- 
faBt. 

5. Verfahren nach Anspruch 4, dadurch gekennzelch- 
net, daB der Schritt des Laserbohrens ein Bewegen 
eines Laserstrahis (836) entiang einer Reihe von 
Rasterabtastiinien uber die Oberflache (603) des 
Arbeltsstuckes (802) umfaBt. 

6. Verfahren nach Anspruch 4, dadurch gekennzeich- 
net, daB der Schritt des HInzufugens des wenig- 
stens einen vertieften Bereichs ein Laserabtragen 
(836) auf eine vorgegebene Tiefe relativ zu der 
Oberfiache (803) unrfaBt. 

7. Verfahren nach Anspruch 6, dadurch gekennzeich- 
net,daBder Schritt des Laserabtragens ein Bewe- 
gen des Laserstrahis (836) entiang einer Reihe von 
Rasterabtastiinien uber die Oberfiache (603) des 
Arbeltsstuckes (802) umfaBt. 

8. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB der Schritt des HInzufugens des wenig- 
stens einen vertieften Bereichs (121) den Schritt 
des Ausbiidens von zwei Oder mehr Bereichen 
(124, 125) mit unterschied lichen Tiefen gegenuber 
der Oberseite (123) umfaBt. 

9. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB der Schritt des iHinzufugens des wenig- 
stens einen vertieften Bereichs (121) den Schritt 
des Ausbiidens einer groBeren Fiache (124) um- 
faBt, die auf eIne erste Tiefe gegenuber der Ober- 
seite (123) vertieft wird, und einer oder mehrerer 
kieinerer Fiachen (125), die auf sich von der ersten 
Tiefe unterscheidende Tiefen vertieft werden . 

10. Verfahren nach Anspruch 9, dadurch gekennzeich- 
net, daB eine kleinere Fiache (125) so ausgebiidet 
wird, daB sie die groBere Fiache (124) umgibt; wo- 
bei diese kieinere Fiache (125) auf eine groBere 
Tiefe ais die erste Tiefe vertieft wird, und wobei die 
Breite der kieineren Fiache (125) deutiich geringer 
als die Breite der groBeren Fiache (124) wird. 

11 . Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB die Schritte (b) und (c) durch foigende 
Schritte aufgefuhrt werden: 
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a) Fokussieren eines Laserstrahls (636) in sol- 
cher Weise, dal3 der Brennpunkt unterhalb der 
Oberseite (803) des Arbeitsstuckes (1 02, 602) 
liegt; und 

b) Bohren eines vorgegebenen l\^usters sich 
verjCingenden Locher (107) mittels dieses La- 
serstralils (836) durcli das Arbeitsstuck (102, 
602), wodurch eine Anordnung aus IHugeln 
(105) und Talern (1 06) um jedes Loch (1 07) auf 
der Oberseite (1 03) des resultierenden StCitze- 
lementes (100) ausgebildet wird. 

12. Verfahren nacli Anspruch 11, dadurch gekenn- 
zeichnet, dal3der Abstand (S) der Mitteillnien zwei- 
er benachbarter Loclier (1 07) geringer ais der Au- 
Bendurchmesser des konischen Oberbereichs je- 
des benachbarten Lochs (1 07) wird. 

13. Verfahren nach Anspnjch 12, dadurch gekenn- 
zeichnet, daB die Anordnung aus Hugein (1 05) und 
Taiern (106), weiche das Muster kegefformiger Lo- 
cher (107) umgeben, so vorgesehen wird, daB ein 
strickgewebeahnlicher VliesstofF (1 0) bereitgestellt 
wird. 

14. Topograph isches Stutzelement zur Hersteiiung ei- 
nes Vliesstoffes (10) mit wenigstens einem erhoh- 
ten Bereich (16, 18), wobei das Elennent folgendes 
umfaBt: 

a) ei nen Korper ( 1 00) mit einer Oberseite (1 03) , 
weiche ein erstes topograph isches Muster 
(105, 106) aulwelst; 

b) ein Muster aus Lochern (107), die durch den 
Korper (100) hindurch verlaufen; 

c) ein zweites topograph isches Muster, wei- 
ches wenigstens einen Bereich (121) aufweist, 
der gegenuber der Oberseite (1 03) vertleft ist, 
wobei das erste Muster (105, 1 06) mikroskopi- 
sche MaBe gegenuber dem zweiten Muster 
(121, 123) mit makrosko pise hen MaBen auf- 
weist und in der Oberseite (1 23) sowie dem ver- 
tieften Bereich (121) des zweiten Musters 
wahrnehmbar ist 

15. StCitzelement nach Anspmch 14, dadurch gekenn- 
zeichnet, daB der wenigstens eine vertiefte Bereich 
ein drittes topograph isches Muster aufweist, das 
gegenuber dem zweiten Muster (121, 123) mikro- 
skopische MaBe aufweist. 

16. Stiitzeiement nach Anspruch 15, dadurch gekenn- 
zeichnet, daB das erste und dritte topographische 
Muster dasselbe Muster sind. 

17. StCitzelement nach Anspmch 14, dadurch gekenn- 
zeichnet, daB der wenigstens eine vertiefte Bereich 
(121) eine groBere Flache (124) aufweist, die auf 



eine erste TIefe unterhalb der Oberseite (103) ver- 
tieft ist, und eine Oder mehrere kieinere Fiachen 
(125), die auf von der ersten Tiefe verschiedenen 
TIefen vertieft sind. 

5 

18. Stutzelement nach Anspruch 17, dadurch gekenn- 
zeichnet, daB der vertiefte Bereich (121) eine kiei- 
nere Flache (1 25) aufweist, weiche die groBere Fla- 
che ( 1 24) umgibt, wobei diese kieinere Flache (1 25) 
10 auf eine Tiefe unterhalb der ersten Tiefe vertieft ist, 
und wobei die Breite der kleineren Flache (125) 
deutlich geringer ais die Brerte dergroBeren Flache 
(124) ist. 

*5 19. Stiitzeiement nach Anspruch 14, dadurch gekenn- 
zeichnet, daB das erste topographische Muster ein 
Muster aus einer Vielzahl von Hugein (1 05) und Ta- 
lern (1 06) umfaBt, wobei jedes der Locher (1 07) ei- 
nen konischen Oberbereich aufweist, der von einer 

^ Ansammlung der Huge! (105) und Taier (106) um- 
geben ist. 

20. Stutzelement nach Anspruch 19, dadurch gekenn- 
zeichnet, daB der Abstand (S) der Mitteillnien zwei- 

25 er benachbarter Locher (107) geringer ais der Au- 
Bendurchmesser des konischen Oberbereichs je- 
des benachbarten Lochs (107) ist. 

21. Stutzelement nach Anspruch 20, dadurch gekenn- 
30 zeichnet, daB das Muster aus der Vielzahl von Hu- 
gein (105), Talern (106) und Lochern (107) so vor- 
gesehen ist, daB sich ein strickgewebeahnlicher 
Vliesstolf (10) erglbt. 

35 22. Stutzelement nach Anspruch 19, dadurch gekenn- 
zeichnet, daB der wenigstens eine vertiefte Bereich 
(121) ein Muster aus einer Vielzahl von Hugein 
(105) und Talern (1 06) umfaBt, die Jedes Loch (107) 
umgeben, wobei das Muster dasselbe wie das erste 

40 topographische Muster ist. 

23. Stutzelement nach Anspruch 14, dadurch gekenn- 
zeichnet, daB das erste Muster ein sich wiederho- 
lendes Muster aus Hugein (105) und Taiern (106) 
umfaBt, und daB die Querschnittsbreite des vertief- 
ten Berelchs (121) groBer ais der Wiederhoiab- 
stand des sich wiederholenden ersten Musters Ist. 

24. Stutzelement nach Anspruch 14, dadurch gekenn- 
so zeichnet, daB das Muster aus Lochern (107) eine 

Matrix darsteiit, und daB die Querschnittsbreite des 
vertieften Bereichs (121) groBer ais der Abstand 
zwischen den Lochern (107) in der Matrix ist. 

S5 25. Stutzelement nach Anspruch 14, dadurch gekenn- 
zelchnet, daB das erste Muster ein sich wiederho- 
lendes Muster aus Hugein (105) und Taiern (106) 
umfaBt, und daB die Querschnittsbreite des vertief- 
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ten Bereichs (121) zumindest doppett so groB wie 
der Wiederholabstand des sich wiederholenden 
Musters ist. 

26. StOtzelement nach Anspruch 14, dadurch gekenn- 
zeichnet, daB das Muster aus Loohern (107) eine 
Matrix darstellt, und daB die Quersdinittsbneite des 
vertieften Bereichs (121) zumindest doppelt so 
groB wie der Abstand zwisclien den Ldcliern (1 07) 
in der Matrix ist. 

27. Verfahren zur l-iersteiiung eines Vliesstolfes mrtfoi- 
genden Schritten: 

Anordnen einer Faserscliiclit (93) auf die Hijgei 

(105) eines durcli das Verfaliren nacli An- 

sprucii 1 gebildeten zylindrischen topographi- 

sclien Stutzelementes (90); 

gleichzeitiges Strahlen nebenelnander vorge- 

setiener FiCissigiceitsstrdme gegen die Faser- 

scliicht (93) und danacii gegen die l-lLjgel (1 05) 

und danach durch die Lociier (107); 

Drehen des zyiindrisclien StCitzeiementes (90), 

wahrend die Fiussigiceit gegen die Faser- 

schicht (93) gestrahit wird; 

Entfemen der durch die Lociier (107) gestralii- 

ten Fiussiglcert; und 

Entfemen eines Viiesstoffes von der Oberfla- 
che des StCitzeiementes (90). 

28. Vorrichtung zur IHersteiiung eines Viiesstoffes mrt: 

einer dreiibaren, liolilen Trommel (90) in Form 
eines topographischen Stutzelementes nacii 
Ansprucli 19; 

Einriciitungen zum Anordnen einer Faser- 
schicht auf die Spitzen der j-iugel (1 05) auf der 
Oberseite der Trommel (90); 
Einriciitungen (92), die auBertialb der Trommel 
(90) angeordnet sind, zum gieichzeltigen 
Strahlen nebenelnander vorgesehener FIljs- 
sigkeitsstrome gegen die Faserscliicht (93) 
und danacii gegen die Hugei (105), sowohl auf 
der Oberseite ais auch in dem vertieften Be- 
reicli, und danach durch die Locher (107) und 
in die Trommel (90) hinein; Einrichtungen (623) 
zum Drehen der Trommel (90, 802), wahrend 
die Flussigkeit gegen die Auf3enfiache (603) 
gestrahit wird; 

Einrichtungen (94), die In der Trommel (90) an- 
geordnet sind, zum Entfemen der Flussiglteit 
von der Oberf iache der Trommel (90); und 
Einrichtungen zum Entfemen eines Viiesstof- 
fes von der Oberflache derTommel (90). 



Revendications 

1 . Precede pour former un element support topogra- 
phique (102, 122, 128) destine ^ la production 

5 d'etoffes non tissees (10) ayant au moins une por- 
tion en relief (1 6, 1 8), ledit proc6d6 comprenant les 
phases conslstant ^ : 

a) pr6voir une pidce (1 00, 802) ; 
10 b) former un premiermotif topographique (105, 

106) sur une surface sup6rieure (103, 123, 
803) de la piece (100); 

c) former une pluraiite d'ouvertures (107) atra- 
vers iadite pi5ce (100) ; et 

IS d) superposer sur Iadite piece (1 00) un deuxie- 

me motrf topographique (121, 123) qui com- 
prend au moins une region (1 21 ) en retrait par 
rapport ^ iadite surface supdrieure (123), qui 
cr6era I'au moins une portion en relief (16, 18) 

^ de I'etoffe (10), dans lequel le premier motif 

(1 05, 1 06) est d'une dimension microscopique 
par rapport au deuxieme motif (121 , 123), qui 
est d'une dimension macroscopique et discer- 
nabie dans la surface superieure (123) et dans 
la region en retrait (21 ) du deuxieme motif. 

2. Precede selon la revendication 1 , dans lequel Iadite 
region en retrait poss^de un troisi^me motif topo- 
graphique qui est d'une dimension microscopique 

30 par rapport au deuxieme motrf (1 21 , 1 23). 

3. Precede selon la revendication 2, dans lequel les 
premier et troisi^me motifs topograph iques (105, 
1 06) sont le meme motif. 
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Precede selon la revendication 1 , dans lequel la 
phase de fonnation du premiermotif topographique 
(105, 106) comprend un portage au laser de la sur- 
face superieure (1 03) de Iadite piece (1 00). 



5. Procede selon la revendication 4, dans lequel Iadite 
phase de per^^age au laser comprend un d6place- 
ment d'un faisceau laser (836) en une sdrie de li- 
gnes de baiayage de trame au-dessus de la surface 

45 (803) de la pidce (802). 

6. Proc6d6 selon la revendication 4, dans lequel la 
phase de superposition d'au moins une region en 
retrait comprend une ablation au laser (836) jusqu'a 

so une profondeur pr^d^temnln^e au-dessous de iadi- 
te surface superieure (803). 

7. Procede selon la revendication 6, dans lequel Iadite 
phase d'abiation au laser comprend un d6piace- 

S5 ment d'un faisceau laser (836) en une s6rie de ii- 
gnes de baiayage en trame au-dessus de la surface 
superieure (803) de la pi^e (802). 
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8. Procede selon la revendication 1 , dans lequel ladrte 
phase de superposition de ladite au moins une re- 
gion en retrait (1 21 ) comprend la phase de forma- 
tion de deux ou plus de deux desdites regions (1 24, 
125) a differentes profondeurs au-dessous de la 
surface sup6rieure (123). 

9. Precede selon la revendication 1 , dans laquelle la- 
dite phase de superposition de ladite au moins une 
region en retrait (121) comprend la phase oonsis- 
tant h fomner une grande surface (124) en retrait h 
une premiere profondeur au-dessous de la surface 
superieure (123) et une ou piusieurs petites surfa- 
ces (125) en retrait §i des profondeurs differentes 
de ladite premiere profondeur. 

10. Procede selon la revendication 9, dans lequel une 
petite surface (125) est fonn6e autour de ladrte 
grande surface (124) ; ladite petite surface (125) 
etant en retrait a une certaine profondeur au-des- 
sous de ladite premiere profondeur, la largeur de 
ladrte petite surface (125) etant sensiblement plus 
petite que la largeur de ladite grande surface (124). 

11. Procede selon la revendication 1 , dans lequel les- 
dites phases (b) et (c) sont ex^utSes par les pha- 
ses consistant a : 

a) f ocaliser un f aisceau laser (636) de telle ma- 
ni^re que ie foyer se trouve au-dessous de la 
surface superieure (803) de ladite pidce (102, 
602) ; et 

b) percer au moyen dudit faisceau laser (838) 
un motif predetermine d'ouvertures coniques 
(107) atravers ladite piece (102, 802) en for- 
mant par ce moyen un groupement de pics 
(105) et de vallees (106) entourant cheque 
ouverture (107) sur la surface superieure (1 03) 
de I'element support resultant (1 00). 

12. Procede selon ia revendication 11 , dans iequei i'es- 
pacement d'axe en axe (S) des ouvertures (1 07) ad- 
Jacentes est plus petit que ie grand diam^tre de la 
portion superieure conique de chacune des ouver- 
tures adjacentes (107). 

13. Procede selon la revendication 12, dans iequei iedit 
groupement de pics (107) et de vaiiees (106) en- 
tourant ie motif d'ouvertures coniques (107) est 
configure de maniere ^ engendrer une etoffe non 
tissee (1 0) ressemblant a un tricot. 

14. Element de support topographique destine a pro- 
duce une etoffe non tissee (10) ayant au moins une 
portion en relief (16,18), ledrt element comprenant : 

a) un corps (1 00) ayant une surface superieure 
(103) qui comprend un premier motif topogra- 



phique (105, 106) ; 

b) un motif d'ouvertures (1 07) s'etendant h tra- 
vers Iedit corps (1 00) ; 

c) un deuxieme motif topographique compre- 
5 nant au moins une region (121) en retrait au- 
dessous de iadite surface superieure (103), 

dans lequel Ie premier motif (105, 106) est 
d'une dimension microscopique par rapport au 
10 deuxieme motif (121 , 123) qui est d'une dimension 
macroscopique, et est discernable dans ia surface 
superieure (123) et dans ia region en retrait (121) 
du deuxieme motif. 

IS 15. Element de support selon ia revendication 1 4, dans 
lequel ladite au moins une region en retrartpresente 
un troisieme motif topographique qui est d'une di- 
mension microscopique par rapport au deuxieme 
motif (121, 123). 

16. Element de support selon ia revendication 15, dans 
lequel iesdits premier et troisieme motifs topogra- 
phiques sont les m&mes motifs. 

17. Element de support selon ia revendication 1 4, dans 
lequel iadite au moins une region en retrait (121) 
comprend une grande surface (1 24) en retrait a une 
premiere profondeur au-dessous de la surface su- 
perieure (103) et une ou piusieurs petites surfaces 

30 (1 25) en retrait ^ des profondeurs differentes de la- 
drte premiere profondeur. 

18. Element de support selon ia revendication 1 7, dans 
lequel ladite region en retrait (121) comprend une 

35 petite surface (125) qui entoure ladite grande sur- 
face (1 24), iadite petite surface (1 24) etant en retrait 
a une certaine prof ondeu r au-dessous de ladite pre- 
miere profondeur, ia largeur de ladite petite surface 
(125) etant sensiblement plus petite que la largeur 

40 de iadite grande surface (124). 

19. Element de support selon la revendication 14, dans 
lequel Iedit premier motif topographique comprend 
u n motif compose d'une piu raiite de pics (1 05) et de 

4^ vaiiees (106), chacune desdites ouvertures (107) 
ayant une portion superieure conique entouree par 
un groupe desdits pics (105) et desdites vaiiees 
(106). 

50 20. Element de support selon la revendication 1 9, dans 
lequel I'espacement d'axe en axe (S) des ouvertu- 
res (1 07) adjacentes est plus petit que ie grand dia- 
metre de la portion superieure conique de chacune 
des ouvertures (107) adjacentes. 

55 

21 . Element de support selon ia revendication 20, dans 
Iequei iedit motif de ia plural ite de pics (1 05), de vai- 
iees (1 06) et d'ouvertures (1 07) est configure pour 
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produire une etoffe non tissee (10) ressemblant a 
un tricot. 

22. Element de support selon la revendication 19, dans 
lequel ladite au moins une region en retrait (121) 5 
comprend un motif d'une piuraiit6 de pics (105) et 

de vail6es (1 06) entourant ciiaque ouverture (107), 
qui est le meme que ledit premier motif topographi- 
que. 

10 

23. Element de support seion ia revendication 14, dans 
iequei ledit premier motif comprend un motif repetrtif 
de pics (105) et de vaiiees (106) et dans iequei la 
iargeur de section de iadite region en retrart (121) 
est plus grande que i'espacement entre la repetition 
dudit premier motif r6p6titif . 

24. Element de support seion ia revendication 14, dans 
iequei iedit motrf d'ouvertures (107) est une matrice 

et dans iequei ia iargeur de section de ladite region ^ 
en retrait (121) est plus grande que i'espacement 
entre ies ouvertures (1 07) de ladite matrice. 

25. Element de support seion ia revendication 1 4, dans 
iequei ledit motif comprend un motif repetrtif de pics 
(105) et de valines (106), et dans iequei ia iargeur 
de section de iadite region en retrait (1 21 ) est au 
moins deux fois plus grande que i'espacement en- 
tre Ies repetrtions dudIt motif repetrtif. 

30 

26. Element de support seion i a revendication 14, dans 
iequei iedit motif d'ouverture (107) est une matrice 
et dans iequei la iargeur de section de ladite region 
en retrart (1 21 ) est au moins deux f ols plus grande 
que i'espacement entre Ies ouvertures (107) de la- 
dite matrice. 

27. Proc6d6 pour produire une Stoffe non tiss6e com- 
prenant Ies phases consistant a : 

40 

positionner une couche fibreuse (93) sur ies 
pics (105) d'un 6i6ment support topographique 
cyiindrique (90) fonn^e par ie proc6d6 de ia re- 
vendication 1 ; 

projeter simuitan^ment des jets de fiuide adja- 45 
cents centre ia couche fibreuse (93), puis cen- 
tre Ies pics (105), puis dtravers Ies ouvertures 

(107); 

faire tourner i'eiement support cyiindrique (90) 
pendant que ie fiuide est projet6 contre ia cou- so 
che fibreuse (93) ; 

4vacuer ie fiuide proJet4 ^ travers Ies ouvertu- 
res (1 07) ; et 

detacher une 4toffe non tiss6e de ia surface de 
i'6l6ment support (90) . S5 

28. Dispositif pour produire une 4toffe non tissue, 
comprenant : 



un tambour creux rotatif (90) presentant ia for- 
me d'un 6i6ment support topographique de ia 
revendication 1 9. 

des moyens destines h positionner une couche 
fibreuse sur ies sommets des pics (1 05) pre- 
sents sur ia surface sup6rieure du tambour 
(90); 

des moyens (92) places en dehors du tambour 
(90) pour projeter simuttan6ment des jets de 
fiuide adjacents contre ladite couche fibreuse 
(93), puis contre ies pics (105) presents aussi 
bien sur ia surface superleure que dans ia re- 
gion en retrait, puis a travers ies ouvertures 
(1 07) et dans i'int6rieur du tambour (90) ; 
des moyens (623) destines a faire toumer iedit 
tambour (90, 802) pendant que ie fiuide est pro- 
jete contre ladite surface exterieure (623) ; 
des moyens (94) disposes a i'int^rieur du tam- 
bour (90) pour 6vacuer ie fiuide de ia surface 
du tambour (90) ; et 

des moyens destines ^ detacher une 6toffe non 
tissee de la surface du tambour (90). 
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BOXh 



posmoN 

FIBROUS WEB 
ONTO SUPPORT 
MEMBER 



BOX 2' 



PRE-SOAK 
FIBROUS WEB 
ON SUPPORT 
MEMBER 



BOX 3- 



PASS SUPPORT 
MEMBER UNDER 
HIGH PRESSURE 
WATSf NOZZLES 



BOX 5-^. 



DE' WATER 
FORMED 
FABRIC 
VIA SUCTION 



BOX 6— 



REMOVE FORMED 
FABRIC FROM 
SUPPORT 
MEMBER 



BOX 7^ 



PASS FORMED 
FABRIC OVER 
DRYING 
DRUMS 



SUCTION WATER 
AWAY UNDER 
SUPPORT MEMBER 



La 



BOX 



BOX 8 



*• REMOVE/FINISH 
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